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^degree  o.f  severity  of  Vsimulator  sickness^  experienced  by  indi¬ 
viduals  who  have  rflowh^the  Device  2E6,  Air  Combat  Maneuvering 
Simulator. 

Twenty-seven  percent  of  the  aircrews  from  F-4  and  F-14  squadrons 
at  NAS,  Oceana,  Virginia  Beach,  Virginia  experienced  varying 
symptoms  during  and/or  after  use  of  this  simulator.  Sixty-one 
percent  of  those  experiencing  symptoms  reported  persistence  of 
the  symptoms  from  fifteen  minutes  to  six  hours  after  a  simulator 
session  ended.  At  the  time  of  the  study,  this  was  a  new  simulator, 
installed  in  November  1979,  therefore,  the  period  of  observation 
was  limited 

Further  investigation  of  simulator  sickness  is  planned  when  a 
structured  curriculum  is  incorporated  into  the  training  program 
and  modifications  are  made  to  the  simulator. 
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SUMMARY 

A  few  fighter  crews  using  the  Navy's  2E6  Air  Combat  Maneu¬ 
vering  Simulator  (ACMS)  have  experienced  physiological  effects 
similar  to  motion  sickness  symptoms. 

A  questionnaire  was  designed  to  collect  data  to  define  the 
incidence  and  severity  of  this  "simulator  sickness."  The 
questionnaire  was  given  to  66  aircrew  members  on  an  individual 
basis.  The  sample  included  participants  from  both  F-4  and  F-14 
squadrons  at  NAS  Oceana. 

Twenty-seven  percent  (18)  of  the  aircrews  experienced  vary¬ 
ing  degrees  of  "simulator  sickness"  during,  and/or  after  use  of 
the  2E6  Air  Combat  Maneuvering  Simulator  (ACMS) .  Sixty-one  per¬ 
cent  (11)  of  those  experiencing  symptoms  reported  persistence  of 
the  symptoms  from  15  minutes  up  to  6  hours  after  a  simulator 
session  ended.  The  data  compiled  in  this  study  indicates  that 
susceptibility  increases  with  experience  levels.  The  highest 
incidence  rate  occurred  among  those  aircrew  members  (22)  with  more 
than  1500  flight  hours  (47  percent)  as  compared  to  18  percent  for 
44  crew  members  with  1500  or  fewer  flight  hours. 

A  recent  USAF  study  revealed  that  88  percent  of  aircrews 
who  used  the  simulator  for  air-to-air  combat  (SAAC)  also  reported 
simulator  sickness  symptoms.  The  SAAC  differs  from  the  2E6  in 
the  type  of  display  used  and  the  manner  of  use. 

At  the  time  of  the  study,  the  Device  2E6  was  a  new. simulator, 
installed  at  NAS  Oceana  in  November  1979  and  commissioned  in 
February  1980. 

Significant  changes  in  the  length  or  intensity  of  training 
in  the  2E6  ACMS  may  be  accompanied  by  corresponding  changes  in 
the  occurrence  of  simulator  sickness.  Further  examination  of 
simulator  sickness  rates  should  be  pursued  when  a  training  curri¬ 
culum  is  defined  and  modifications  to  the  simulator  (such  as  the 
addition  of  ground  growth  cues)  are  made. 
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FOREWORD 

In  March  1980,  it  was  reported  that  a  few  Navy  personnel 
were  experiencing  some  unsteadiness  and  discomfort  while  flying 
the  Air  Combat  Maneuvering  Simulator  (ACMS) ,  designated  Device 
2E6.  The  discomforting  symptoms  described,  especially  when  not 
associated  with  r^al  motion,  are  usually  referred  to  as  "simula¬ 
tor  sickness"  to  differentiate  them  from  true  motion  sickness. 

Recognizing  the  need  for  pursuing  this  matter  further,  this 
study  was  initiated  by  the  Naval  Training  Equipment  Center 
(NAVTRAEQU IPCEN)  to  determine  the  extent  of  the  problem. 

CDR  Charles  Hutchins  of  the  Naval  Air  Systems  Command  (COMNAV- 
AIRSYSCOM) (AIR  340F)  provided  financial  support  for  the  study. 

Results,  obtained  through  questionnaires  administered  to  66 
aircrew  members  from  F-4  and  F-14  squadrons,  indicated  that  27 
percent  (18  crew  members)  reported  varying  symptoms  and  degrees 
of  simulator  sickness.  Although  some  pilots  reported  similar 
symptoms  while  flying  aircraft,  this  study  dealt  primarily  with 
simulator  induced  problems.  However,  some  opinions  concerning 
mental  and  physical  fatigue  experienced  in  the  simulator  compared 
to  actual  aircraft  ACM  training  sorties,  were  also  solicited. 

In  an  attempt  to  compare  the  2E6  experiences  with  those  in 
a  similar  device,  the  NASA,  Langley  Research  Center,  Virginia  was 
contacted  in  reference  to  the  Differential  Maneuvering  Simulator 
(DMS)  located  at  their  facility.  Detailed  documentation  of  simu¬ 
lator  sickness  had  not  been  kept  on  this  simulator,  but  a  NASA 
representative  stated  that  out  of  600  to  800  pilots  who  have 
operated  this  device,  he  could  only  recall  two  who  experienced 
extreme  simulator  sickness.  The  effects  on  these  pilots  were  so 
disorienting  that  they  could  not  complete  the  training  sessions. 
Unfortunately,  less  dramatic  symptoms  such  as  fatigue,  headaches, 
excessive  sweating,  and  other  minor  discomforts  were  not 
documented . 

This  brings  up  the  question  of  the  definition  of  "simulator 
sickness."  The  term  has  been  used  rather  loosely  and  has  in¬ 
cluded  symptoms  as  mild  as  sweating  or  a  slight  disorientation, 
to  more  severe  physical  reactions  including  nausea  and  vomiting. 
Between  these  extremes  are  symptoms  such  as  vertigo,  dizziness, 
and  visual,  mental,  or  general  physical  fatigue.  In  some  cases, 
the  symptoms  persist  for  several  hours  after  leaving  the  simu¬ 
lator.  In  assessing  a  simulator  for  its  adverse  effects  on  the 
trainee  population,  it  is  important  to  be  specific  about  the 
type  of  "sickness"  it  produces.  In  some  cases,  the  symptoms 
may  be  minor  and  of  a  transient  nature,  and  no  worse  than  would 
be  experienced  under  operational  flight  conditions. 

There  are  several  hypotheses  that  have  been  advanced  in  an 
effort  to  explain  simulator  sickness.  It  is  probably  safe  to 
state  that  not  all  instances  of  this  phenomenon  can  be  explained 
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by  any  one  hypothesis.  One  of  the  most  favored  explanations  is 
that  it  is  the  result  of  conflict  of  sensory  cues;  for  example, 
the  conflict  between  the  apparent  motion  seen  on  a  visual  display 
and  lack  of  any  corresponding  real  motion  of  the  simulator. 
Another  instance  would  be  excessive  time  lag  between  the  simu¬ 
lator  control  system  and  the  corresponding  movement  in  the  visual 
display.  Situation  freeze  also  imposes  sensory  conflict  on  the 
pilot.  In  these  cases,  the  visual  and  proprioceptive  (bodily 
feel)  senses  are  not  in  phase.  This  imbalance  can  create  a 
perplexing  state  that  may  be  manifested  in  some  of  the  symptoms 
discussed  above. 

McDonnell  Douglas  Astronautics  was  also  contacted  to  deter¬ 
mine  the  manufacturer's  experience  with  the  dome  simulator  type 
systems  representative  of  Device  2E6.  Although  varied  popula¬ 
tions  (e.g.  experienced  and  inexperienced  pilots,  civilian  and 
military  dignitaries,  foreign  visitors,  etc.)  operated  the 
simulator,  McDonnell  employees  could  not  recall  any  incidents  of 
simulator  sickness.  All  of  their  simulator  missions,  however, 
had  been  highly  structured  in  procedures  and  of  less  than  30 
minutes  duration  per  session. 

Another  simulator  system  with  different  characteristics  was 
also  investigated.  This  was  the  Air  Force's  simulator  for  air- 
to-air  combat  (SAAC)  which  has  produced  sickness  in  88  percent 
of  the  users.  A  direct  comparison  of  the  SAAC  data  to  that  of 
the  2E6  should  be  made  with  reservation,  however,  since  training 
on  this  device  is  very  intensive  over  a  short  period  of  time 
(approximately  12  hours  of  actual  simulator  use  over  a  four-day 
period)  and  the  visual  systems  are  of  different  types  (dome  pro¬ 
jection  real  image  vs  "pancake  window"  virtual  image  display  on 
SAAC).  This  comparison  is  useful  in  some  respects,  however, 
since  it  demonstrates  that  despite  the  high  incidence  of  discom¬ 
forting  sensations,  it  continues  to  be  used  for  training.  The 
consensus  of  Tactical  Air  Command  (TAC)  pilots  who  have  partici¬ 
pated  in  the  training  program  is  that  the  temporary  discomfort 
brought  on  by  these  symptoms  is  a  small  price  to  pay  for  the 
kind  of  combat  training  provided  by  the  device.  Another  useful 
bit  of  information  gained  from  this  simulator  corroborates  the 
adaptation  phenomenon.  Most  occurrences  of  nausea  experienced 
on  the  SAAC  took  place  during  the  first  one  or  two  days  of 
training.  There  was  a  marked  reduction  in  nausea  later  on  in 
the  week. 

There  are  two  recommendations  already  in  effect  at  the  2E6 
simulator  complex  that  are  designed  to  reduce  the  incidence  of 
sickness.  One  is  limiting  the  time  duration  of  individual 
sessions  to  30  minutes.  The  second  is  flooding  the  simulator 
area  with  light  before  visual  system  freeze. 

With  no  detailed  training  syllabus  available  for  guidance, 
operation  of  the  Device  2E6  is  being  conducted  in  a  non  struc¬ 
tured  manner.  It  has  been  noted  that  the  length  of  individual 
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sessions  vary  and  in  some  cases  may  be  excessive.  Uninterrupted 
time  and  specific  tasks  in  the  simulator,  of  course,  are  impor¬ 
tant  considerations  in  evaluating  the  severity  of  the  problem. 
Once  a  structured  curriculum  is  adopted,  the  incident  of  simulator 
sickness  can  be  studied  further  and  perhaps  reduced  by  curriculum 
refinement  and/or  other  changes  in  use.  Therefore  the  integra¬ 
tion  of  a  comprehensive  training  syllabus  into  the  Device  2e6 
program  is  essential  to  the  assessment  of  simulator  sickness  in 
this  simulator. 


The  fleet  is  currently  establishing  a  Fleet  Project  Team  to 
coordinate  and  direct  efforts  related  to  all  ACM  training  objec¬ 
tives  and  requirements.  One  effort  will  be  directed  at  integrat¬ 
ing  the  2F112,  2E6  and  TACTS  (Tactical  Aircrew  Combat  Training 
System)  syllabi. 

The  NAVTRAEQUIPCEN, with  contractor  support,  will  continue 
monitoring  the  occurrence  of  simulator  sickness  on  devices  2E6 
and  2F112  when  a  structured  training  program  goes  into  effect  and 
the  new  device  modifications  (e.g.  ground-growth)  are  incorpo¬ 
rated  into  the  Device  2E6.  At  the  conclusion  of  this  study, 
another  report  will  be  issued  with  recommendations  for  allevia¬ 
tion  of  simulator  sickness  if  any  is  found  under  the  new  circum¬ 
stances  . 

JOSEPH  A.  PUIG  V 
Sc?  entific  Officer 
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SECTION  I 
INTRODUCTION 

Introduction  of  wide-angle  visual  simulators  into  the 
operational  and  training  communities  of  military  aviation  has 
been  accompanied  by  reports  of  aircrews  experiencing  "simulator 
sickness."  U.S.  Navy  aircrews  have  reported  symptoms  such  as 
nausea,  dizziness,  headaches,  and  disoriented  feelings  while 
operating  Device  2E6 ,  Air  Combat  Maneuvering  Simulator  (ACMS). 
Reports  of  both  delayed  reactions  and  persistence  of  symptoms 
after  leaving  the  trainer  have  raised  concern  over  possible 
impact  upon  flight  safety  and  negative  training.  This  report 
details  the  methods  and  results  of  a  short-term  project  under¬ 
taken  to  assess  the  rate  of  occurrence  and  the  degree  of  severity 
of  simulator  sickness  experienced  by  individuals  who  have  flown 
the  2E6. 

The  2E6  ACMS  consists  of  two  fixed-base,  tandem  crew  cock¬ 
pits,  each  surrounded  by  a  40-foot  dome  which  approximates  a 
360-degree  field  of  view.  Visual  scenes  are  created  by  project¬ 
ing  aircraft,  missile  and  earth/sky  scenes  onto  the  domes.  A 
more  detailed  description  of  the  2E6  is  provided  in  Appendix  A. 


NAVTRAEQUIPCEN  80-C-0135-4 500-1 


SECTION  II 
BACKGROUND 

Occurrence  of  "motion  sickness"  symptoms  in  flight 
simulators  has  been  reported  in  various  simulators  using 
wide  angle  visual  systems  (e.g.,  Miller  and  Goodson,  i960, 
and  Coward,  Kellogg  and  Castore,  in  preparation).  The 
concern  over  the  possible  impact  upon  flight  safety  has 
prompted  articles  dealing  with  spatial  disorientation  (e.g., 
Porter,  1979,  and  Coward,  Kellogg  and  Castore,  1979). 
Although  the  phenomenon  has  been  known  for  years, 
identifying  the  reasons  for  "simulator  sickness"  is  a 
difficult  task.  The  causes  are  complex  and,  most  probably, 
interrelated.  While  precise  reasons  for  "simulator 
sickness"  are  not  fully  understood,  research  efforts  are 
establishing  a  knowledge  base  which  may  someday  provide  the 
design  specifications  or  procedures  necessary  to  mitigate  or 
eliminate  the  problem. 

Prior  research  efforts  have  documented  many  of  the 
types  of  "simulator  sickness"  conditions  occurring  in  the 
2E6.  Four  studies  in  particular  provide  insight  into  issues 
specific  to  the  2E6  and  contribute  to  a  better  understanding 
of  the  problem  as  a  whole.  A  brief  description  of  each 
study  follows,  including  a  short  synopsis  of  pertinent 
conclusions  as  they  relate  to  the  2E6. 


First  Study 
Puig,  1971 

Puig  (1971)  provides  a  review  of  the  problems 
associated  with  simulator  sickness  in  a  paper  entitled  T)ie 
Sensory  Interaction  of  Visual  and  Motion  Cues.  In  this 
treatise,  Puig  states  that  an  individual  senses  movements 
and  accelerations  by  means  of  his  visual  system.  He  also 
receives  and  senses  this  information  from  within  his  own 
body  through  proprioceptive  cues  (i.e.,  through  muscles, 
joints  and  inner  ear).  The  visual  and  proprioceptive  cues 
Interact  with  each  other.  "Motion  can  be  sensed  visually 
and  propriocept ively .  Acceleration  cannot  be  sensed 
visually,  however,  until  increasing  velocity  is  noted. 
Conversely,  the  proprioceptive  sense,  though  insensitive  to 
velocity,  is  quite  sensitive  to  accleration. "  Puig  states 
that  the  body  relates  visual  and  "kinesthetic"  (feel)  and 
"vestibular"  (balance)  cues  to  interpret  combinations  of 
motion  and/or  accelerations.  When  an  individual  uses  a 
fixed-base  simulator,  his  eyes  will  sense  motions  and/or 
accelerations  from  the  moving  visual  displays,  while  his 
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proprioceptive  senses  (particularly  the  vestibular)  indicate 
that  he  is  not  moving  or  accelerating.  The  normal  sensory 
interactions  are  disrupted  and  internal  conflicts  arise 
resulting  in  feelings  of  "uneasiness"  or  "simulator 
sickness."  Thus,  "it  is  not  the  visual  illusion  of  motion 
per  se,  but  the  visual  sensation  of  apparent  acceleration 
and/or  change  in  direction  that  triggers  off  the  initial 
feeling  of  discomfort." 

Puig  further  states  that  in  addition  to  sensory 
conflicts,  poor  visual  fidelity  may  also  be  a  contributing 
factor  in  simulator  sickness.  "...in  the  presence  of  a 
well-structured  visual  display,  therefore,  the  visual  mode 
will  be  the  primary  overriding  input.  With  a  poor  visual 
reference,  however,  the  motion  cues  [Vestibular  response^ 
will  tend  to  take  priority.  In  situations  where  the  visual 
and  motion  inputs  are  sensed  as  being  equally  demanding, 
they  will  be  reinforcing  or  contradictory  depending  upon 
whether  the  cues  are  in  or  out  of  phase." 

Another  potential  complicating  factor  regarding 
simulator  sickness  mentioned  by  Puig  involves  a  study 
(Olive,  1969)  which  correlated  physical  and  medical  data  of 
1,000  Naval  aviators  over  a  twenty-year  period.  The 
analysis  indicated  that  susceptibility  to  vertigo  and 
disorientation  increase  with  age. 

In  reviewing  previous  research  efforts,  Puig  reported 
ten  hypotheses  which  have  been  advanced  in  an  effort  to 
explain  simulator  sickness: 

1.  Conflict  between  the  apparent  motion  seen  on  the 
visual  display  and  lack  of  any  corresponding  real 
motion  of  the  simulator. 

2.  Optical  distortion  (both  static  and  dynamic)  in  the 
visual  display,  particularly  of  vertical  objects;  the 
synthetic  presentation  of  a  visual  scene  which  is  a 
distorted  representation  of  a  real  environment. 

3.  Poor  resolution. 

4.  Rapid  changes  in  brightness  (flicker). 

5.  Wide  field  of  view. 

6.  A  highly  structured  field  of  view  (too  much 
detail )  . 

7.  A  poorly  structured  field  combined  with  peripheral 
flicker. 

8.  Excessive  lag  between  simulator  control  and 
correspond ing  movement  in  the  visual  display. 

9.  High  frequency  vibrations  which  disrupt 
accommodation . 

10.  Projection  screen-to-observer  distance 
insufficient  for  infinity  focus  of  the  eyes,  producing 
conflict  between  actual  distance  of  the  display  and  the 
apparent  distance  of  the  screen. 
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Puig  concludes  by  emphasizing  the  necessity  for 
considering  the  sensory  interactions  between  the  visual  and 
vestibular  apparatus  when  designing  simulators  with  visual 
displays. 


Second  Study 

Miller  and  Goodson,  I960 

Miller  and  Goodson  examined  simulator  sickness 
occurring  among  Navy  helicopter  pilots.  During  the  early 
stages  of  visual  flight  simulation  development,  the  Navy 
procured  the  2-FH-2  helicopter  simulator.  The  device  was 
built  by  Bell  Aircraft  Company  in  conjunction  with  De-Florez 
Company  of  New  York  and  installed  at  Ellyson  Field, 
Pensacola,  Florida  in  February,  1956.  Two  projectors 
provided  260  degrees  azimuth  by  75  degrees  elevation  display 
coverage.  The  upper  projector  displayed  the  sky  scene  while 
the  lower  projector  depicted  the  near  terrain,  the  far 
scenery  and  a  portion  of  the  sky.  The  cockpit  was 
fixed-based.  Significant  occurrences  of  simulator  sickness 
symptoms  resulted  from  using  the  2-FH-2. 

In  an  attempt  to  identify  some  of  the  possible  causes 
of  the  simulator  sickness  symptoms,  Miller  and  Goodson 
mentioned  that  previous  researchers  suggested  the  symptoms 
were  a  result  of  internal  conflicts  resulting  from  the 
absence  of  real  motion  accompanied  by  the  presence  of  visual 
cues  designed  to  give  the  impression  of  movement.  While 
admitting  this  might  have  been  a  contributing  factor,  they 
generally  dismissed  this  hypothesis  as  a  major 
consideration.  They  felt  the  slight  accelerations  and 
decelerations  in  a  helicopter  were  too  imperceptible  to 
cause  symptom  onset.  They  suggested  instead  that  the 
underlying  problem  involved  conflicting  visual  cues 
resulting  from  distortions  in  the  visual  display  rather  than 
a  conflict  between  visual  and  proprioceptive  cues.  Major 
findings  included? 

1 .  Sixty  percent  of  the  instructors  reported  sickness 
as  compared  to  12  percent  for  the  students. 

2.  Sometimes  the  ill  feelings  did  not  occur  until 
several  hours  after  simulator  usage. 

3.  One  instructor  had  to  get  out  of  his  car  on  his  way 
home  to  regain  his  equilibrium. 

4.  Some  instructors,  after  much  simulator  time,  would 
experience  significant  discomfort  from  merely  looking 
at  the  simulator. 

5.  Even  those  individuals  who  did  not  report  sickness 
symptoms  became  very  fatigued  after  simulator  use;  this 
condition  often  lasted  throughout  the  day. 

6.  Lag  in  the  simulator  at  times  resulted  in 
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overcontrol,  sometimes  leading  to  loss  of  control.  The 
loss  of  control  produced  a  violent  maneuver;  the  more 
violent  the  maneuver,  the  greater  the  degree  of 
simulator  sickness. 

7.  Instructors  sitting  as  passengers  during  these 
conditions  were  more  prone  to  simulator  sickness  than 
if  they  were  at  the  controls. 

Miller  and  Goodson  concluded  their  study  by  saying  the 
simulator  sickness  problem  became  so  serious  that  it  was  one 
of  the  chief  reasons  for  discarding  the  device  from  the 
operational  inventory. 


Third  Study 

Reason  and  Diaz,  1971 

In  Reason  and  Diaz's  study  the  effects  of  simulator 
sickness  upon  experienced  automobile  drivers  as  compared  to 
passengers  was  examined.  Reason  and  Diaz  theorized  that  the 
major  underlying  cause  of  simulator  sickness  results  from 
what  they  termed  "sensory  rearrangement."  That  is,  an 
individual  in  his  real-world  experience  learns  to 
subconsciously  associate  visual  scenes  of  motion  with  his 
proprioceptive  senses  of  corresponding  accelerations.  An 
individual  retains  these  associations  in  his  "spatial  memory 
store.”  The  more  experience  a  person  has  in  these 
real-world  experiences,  the  stronger  the  association  that  is 
stored  in  his  memory.  Thus,  when  real-world  experienced 
individuals  are  placed  in  a  simulator  environment  in  which 
visual  scenes  of  motion  and  acceleration  are  depicted 
without  the  accompanying  acceleration  forces,  "unfulfilled 
expectations"  occur.  These  experienced  individuals  expect 
to  feel  acceleration  forces  in  conjunction  with  the  visual 
scenes.  When  this  does  not  occur,  internal  conflicts  arise 
which  can  initiate  onset  of  simulator  sickness  symptoms. 
Under  this  theory  a  novice  would  not  be  expected  to  be  as 
apt  to  get  sick  as  an  experienced  individual  since  the 
novice  has  not  developed  the  "spatial  memory  stores." 

Reason  and  Diaz  felt  the  Miller  and  Goodson  study 
partially  bore  out  this  theory  by  the  findings  that 
instructors  experienced  a  five  times  greater  incidence  rate 
than  their  students.  In  a  further  investigation  of  the 
"sensory  rearrangement"  theory,  Reason  and  Diaz  examined 
individuals  with  automobile  driving  and  passenger  experience 
in  an  automobile  driving  simulator  in  which  the  individuals 
viewed  a  ten-minute  driving  scene  as  passive  observers.  The 
experiment  used  a  6  x  12  foot  screen  located  six  feet  away 
from  the  subjects.  Major  findings  included: 


1.  Twenty-eight  out  of  the  31  individuals  exhibited 
some  form  of  simulator  sickness. 
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2.  Active  participation  in  the  control  of  the  vehicle 
is  not  necessary  in  order  to  induce  simulator  sickness 
symptoms. 

3.  Women  were  significantly  more  susceptible  to 
simulator  sickness  than  men. 

4.  The  more  the  driving  and  passenger  experience  of 
individuals  the  higher  the  degree  of  simulator 
sickness. 

5.  Evidence  suggests  that  driver  experience  exerts  a 
more  powerful  influence  on  simulator  sickness  than 
passenger  experience. 


Fourth  Study 

Coward,  Kellogg  and  Castore,  in  preparation 

In  a  study  conducted  on  subjects  training  ACM  in  the 
Air  Force  Simulator  for  Air-to-Air  Combat  (SAAC),  at  Luke 
AFB,  Arizona,  Coward,  Kellogg  and  Ca3tore  reported  a 
simulator  sickness  incidence  rate  of  88  percent  in  the 
subjects  interviewed.  The  SAAC  is  an  ACM  training  system 
that  utilizes  cathode  ray  tube  (CRT)  displays  to  provide  a 
near  360-degree  field  of  view  to  the  trainee.  The  six 
degree  of  freedom  motion  base  was  not  used  during  the 
training  of  the  subjects  interviewed  in  the  Coward,  et  al., 
study.  The  SAAC  consists  of  two  F-4  cockpit  trainee 
stations,  instructor  operator  stations  and  debrief  stations. 
Capabilities  include  simulation  of  1v1  ACM  in  an  integrated 
mode  or  in  an  independent  mode  with  each  trainee  flying 
against  an  instructor  controlled  or  computer  programmed 
target. 

The  SAAC  students  were  reported  to  have  high  levels  of 
operational  experience;  50  percent  had  over  500  flight  hours 
and  31  percent  had  in  excess  of  1000  flight  hours.  The  SAAC 
subjects  participated  in  one  week  of  intensive  training  and 
experienced  approximately  500  engagements  in  12  hours  of 
simulator  time.  The  most  prevalent  symptoms  reported  were 
nausea  -  79  percent;  motor  dyskinesia  -  60  percent;  and  a 
sensation  of  being  rotated  in  some  orthogonal  plane  -  54 
percent.  Significantly,  the  study  also  reported  persistence 
of  symptoms  up  to  ten  hours  after  completion  of  simulator 
training  and  delayed  reactions  after  training,  such  as 
visual  "flashbacks"  in  as  many  as  33  percent  of  the 
subjects.  Delayed  reactions  were  also  reported  by  the 
subjects  involved  in  the  Miller  and  Goodson  study  addressed 
above. 
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SECTION  III 
METHOD 

The  conduct  of  the  study  included  the  administration  of 
a  questionnaire  presented  during  individual  interviews.  The 
questionnaire  (a  copy  is  ircluded  as  Appendix  B)  solicited 
information  concerning  experience  levels  in  ACM  flight 
training,  experience  in  visual  simulators  and  the  type  and 
degree  of  severity  of  sickness  symptoms.  The  interviews 
were  conducted  in  squadron  spaces  away  from  the  simulator 
complex.  Each  individual  was  carefully  briefed  concerning 
confidentiality  of  any  information  which  he  provided. 

The  sample  of  subjects  was  selected  on  the  basis  of 
availability  and  experience  in  the  use  of  the  2E6  ACMS.  The 
Commanding  Officers  of  the  four  squadrons  involved  were 
briefed  thoroughly  on  the  confidentiality  and  content  of  the 
questionnaire  and  were  included  as  subjects  in  the 
interviews.  A  total  of  66  subjects  were  interviewed.  The 
group  included  65  individuals  from  four  separate  fighter 
squadrons  and  one  test  pilot  from  the  Naval  Air  Test  Center 
(NAVAIRTESTCEN),  Patuxent  River,  Maryland.  All  subjects  were 
exposed  to  the  2E6  through  squadron  training  programs  or  as  a 
result  of  personal  interest,  in  the  device,  with  the  exception 
of  the  NAVAIRTESTCEN  test  pilot.  The  experience  level  of  the 
subjects  ranged  from  250  tc  4000  flight  hours;  all  were  opera 
tional  fleet  aircrew  members .  The  training  they  received  con 
sisted  of  four  flight  miss-ons  of  one  hour  duration  and  was 
generally  designed  as  a  structured  prelude  to  an  Air  Combat 
Maneuvering  program.  The  simulator  "instructor"  operator 
position  was  normally  assumed  by  a  peer,  aircrew  member,  or 
training  device  operator  (TD) . 
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SECTION  IV 
RESULTS 

The  study  indicated  that  27  percent  of  the  aircrew 
members  interviewed  experienced  some  degree  of  simulator 
sickness  symptoms.  Table  1  provides  a  breakdown  of  the 
subjects  according  to  aircrew  designation,  types  of  aircraft 
flown  and  extent  and  related  numbers  of  symptoms 
experienced.  Of  the  total  subjects  interviewed,  39  were 
Pilots  and  27  were  Radar  Intercept  Officers  (RIOs).  The 
flying  experience  of  the  subjects  and  the  rate  of  occurrence 
is  presented  in  Figure  1.  The  highest  incidence  rate  of 
simulator  sickness  occurred  among  those  aircrew  members  (22) 
with  more  than  1500  flight  hours  in  which  47  percent  of  the 
subjects  reported  some  degree  of  symptoms  (Figure  2). 
Forty-four  aircrew  members  had  1500  or  fewer  flight  hours 
with  13  percent  reporting  sickness  symptoms.  (Notes  A3 
flight  hours  increase,  N  decreases  and  reliability 
decreases.)  The  rate  and  type  of  symptom  occurrence  is 
reported  in  Appendix  C. 

The  severity  of  symptoms  ranged  from  mild  to  severe. 

In  several  cases  subjects  terminated  the  training  sessions 
because  of  the  severity  of  sickness  onset.  None  of  the 
subjects  reported  emesis,  but  several  reported  loss  of 
appetite  until  after  a  sleep  period;  in  each  of  these  cases, 
the  symptoms  subsided  completely  after  a  night's  rest.  The 
most  common  symptom  reported  was  dizziness  which  occurred  in 
17  percent  of  the  subjects  interviewed  (Figure  2);  vertigo 
and  disorientation  were  reported  by  11  percent  of  the 
subjects;  "leans"  and  nausea  were  noted  by  nine  percent. 

Although  each  subject  was  asked  if  he  experienced 
"flashbacks"  or  "visual  replays",  no  occurrences  were 
reported  among  the  66  aircrew  members  interviewed.  Subject 
number  7  (Appemix  C)  is  an  Air  Force  exchange  pilot  flying 
with  the  Navy  who  is  a  graduate  of  the  USAF  SAAC  training 
program.  During  his  SAAC  training  he  experienced  visual 
"flasnbacks"  out  did  not  experience  these  symptoms  when 
training  in  the  2E6.  The  subject  reported,  during  the 
course  of  his  SAAC  training,  "seeing  the  checkerboard 
pattern  of  the  SAAC  background  display  painted  on  the  inside 
of  my  eyelids"  when  lying  down  to  sleep.  The  symptoms 
terminated  after  the  last  day  of  flying  in  the  SAAC  and  did 
not  recur.  (These  reported  simulator  sickness  symptoms  are 
consistent  with  findings  from  Coward,  Kellogg  and  Castore; 
discussed  in  Section  II.)  Subject  number  7  stated  the  SAAC 
CRT  display  was  much  haraer  on  the  eyes  than  the  2E6 
display.  He  experienced  no  simulator  sickness  symptoms 
during  his  six  hours  of  2E6  use. 
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TABLE  1.  DATA  SUMMARY 


Sixty-five  total  individuals  interviewed  from  four  fighter  squadrons  plus 
one  NAVAIRTESTCEN  test  pilot. 


Number  of  Aircrew  Members  Interviewed 
and  Reporting  Sickness  Symptoms 


Ai rcrew 

Number 

Number  Reporting 

Percentage 

Position 

Interviewed 

Sickness  Symptoms 

Reporting  Sickness 

Category 

Pilots 

21 

9 

42.9% 

■■■ 

RIOs 

16 

3 

18.8% 

0  | 

Pi  lots 

18 

5 

27.8% 

F- 14 

RIOs 

11 

1 

9 . 1% 

njQSH 

39 

14 

35.9% 

TOTAL 

27 

4 

14.8% 
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Total  number  of  aircrew  members  questioned 


NAVTRAEQUIPCEN  80-C-0135-4500-1 


Flight  Hours  Accumulated 

Simulator  Sickness  Symptom  vs.  Flight  Hour  Experience 


Percentage  of 
Occurrence  in 

Total  Number 


I 


,»1 


•Til 
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Symptoms  Encountered 
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Mental  fatigue  was  reported  as  being  the  same,  greater  or 
less  than  actual  ACM  flight  training  by  equal  numbers  of  the 
subjects.  However,  as  reported  in  Table  2,  83  percent  of  the 
subjects  interviewed  reported  physical  fatigue  as  being  equal  to 
that  experienced  in  the  air  during  ACM  training.  All  but  three 
percent  of  the  subjects  interviewed  reported  perspiring  less  or 
much  less  than  in  actual  flight,  the  exception  being  profuse 
sweating  accompanied  by  nausea  for  some  of  those  individuals 
experiencing  simulator  sickness. 

There  were  some  unique  symptoms  reported.  These  were  "eye¬ 
ball  jitter,"  tired  feeling,  loss  of  depth  perception,  knees 
weak,  and  fullness  of  the  stomach.  One  aviator  reporting  "eye¬ 
ball  jitter"  had  participated  in  tests  to  examine  the  cause  of 
this  phenomenon  in  centrifuge  experiments.  The  occurrence  of 
this  unique  symptom  may  demonstrate  a  preconditioned  body  response 
which  was  transferred  from  the  centrifuge  to  the  fixed-base 
simulator . 

Only  two  subjects  reported  delayed  reactions  in  which  symptom 
onset  occurred  after  leaving  the  trainer.  However,  61  percent  of 
those  experiencing  symptoms  reported  persistence  of  the  symptoms 
from  15  minutes  up  to  six  hours. 

Another  subject  of  special  interest,  due  to  his  intensive 
exposure  to  the  2E6,  is  reported  individually  (subject  number  19). 
He  is  a  test  pilot  with  3400  hours  of  flight  time  conducting 
tests  on  the  simulated  aircraft  models  utilized  in  the  2E6 .  His 
experience  in  the  2E6  consisted  of  four  hours  per  day  for  five 
consecutive  days.  His  symptoms  were  described  as  severe,  with 
nausea  bordering  on  emesis,  and  persisting  until  after  a  night's 
sleep.  The  symptoms  were  most  severe  after  the  second  day's 
training  and  dissipated  over  the  next  three  days.  He  attributed 
the  lessening  of  symptom  severity  to  breaking  his  mission  into 
30  to  45  minute  periods  with  30  minute  breaks  and  becoming  famil¬ 
iar  with  the  visual  system.  At  the  end  of  the  fifth  day,  the 
subject  reported  mild  disorienting  feelings  that  persisted  until 
bed  time.  Specifically,  the  subject  stated  he  would  not  fly  on 
a  day  in  which  he  participated  in  a  2E6  training  period.  This 
experience  relates  closely  to  findings  by  Coward  et  al . ,  dealing 
with  intensity  and  length  of  training. 


Possible  Simulator  Sickness  Causes 

The  "reset"^  function  was  reported  by  33  percent  of  the 
subjects  experiencing  symptoms  as  being  the  most  probable 
cause  of  symptom  onset.  Performing  loops  and  nose  high 


^“"Reset"  -  the  freezing  of  the  simulator  visual  display 
and  returning  to  a  new  set  of  initial  conditions. 
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TABLE  2.  INTERVIEWEE  OPINIONS  CONCERNING  RESULTING 
2E6  MENTAL  AND  PHYSICAL  FATIGUE 


Mental  Fatigue  in  Relatior^hi,-  to  Actual  Aircraft  ACM  Training  Sorties 


Greater 

in  2E6 

33.3% 

Same  in 

2E6 

33.3% 

Less  in 

2E6 

33.3% 

Physical  Fatigue  in  Relationship  to  Actual  Aircraft  ACM  Training  Sorties 


Greater 

in  2E6 

11.1% 

Same  in 

2E6 

83.4% 

Less  in 

2E6 

5.5% 
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attitudes  without  visual  altitude  references  was  reported 
by  an  additional  44  percent  as  being  a  contributing 
factor  to  the  onset  of  symptoms.  The  twilight  environment 
of  the  display  was  also  reported  to  be  disturbing  by 
20  percent  of  the  subjects. 
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SECTION  V 
DISCUSSION 

DIFFERENCES  AMONG  2E6  USER  GROUPS 

Flight  experience,  aircrew  position  (function),  and 
type  of  aircraft  all  revealed  certain  relationships  to 
simulator  sickness  susceptibility. 


Flight  Experience 

The  hypothesis  advanced  by  Miller  and  Goodson  (I960), 
that  experienced  aviators  are  more  susceptible  to  simulator 
sickness  than  their  less  experienced  counterparts  is 
supported  by  the  results  of  the  present  study.  Aviators 
with  more  than  1500  hours  of  flying  experience  sustained  a 
symptom  occurrence  rate  of  50  percent,  while  aviators  with 
1500  hours  or  less  sustained  a  symptom  occurrence  rate  of  28 
percent.  The  significant  disparity  between  the  two  groups 
may  indicate  a  greater  degree  of  conflict  between  visual  and 
proprioceptive  senses  because  of  increased  preconditioning 
gained  through  airborne  experience.  Physiological  body 
changes  resulting  from  physical  aging  may  also  be  a 
contributing  factor  to  this  phenomenon,  since  those  with 
more  flight  hours  naturally  tend  to  fall  into  older  age 
groups  (Puig,  1971). 


Aircrew  Position  (Function) 

More  pilots  (36  percent)  reported  simulator  sickness 
symptoms  than  RIOs  (15  percent).  These  findings  support 
Reason  and  Diaz's  (1971)  observations  from  an  automobile 
driving  experiment  which  indicated  those  with  driving 
experience  might  be  more  susceptible  to  simulator  sickness 
than  those  with  only  passenger  experience.  Two  hypotheses 
may  account  for  these  differences: 

1 .  Internal  body  conflicts  arise  between  the  visual 
scenes  and  the  "G"  force  and  acceleration  cues. 

Pilots,  particularly  in  tactical  aviation,  learn  to 
rely  heavily  upon  "flying  by  the  seat  of  the  pants"  to 
perform  their  mission.  This  requirement  stems  from  the 
necessity  to  focus  nearly  100  percent  of  the  visual 
attention  span  outside  the  cockpit  in  order  to  maneuver  the 
aircraft  to  the  "piece"  of  the  sky  which  will  accomplish  the 
desired  tactical  objectives.  During  critical  flight 
regions,  slow  airspeed  or  nose  high  maneuvers,  changes  in 


25 


NAVTRAEQUIPCEN  80-C-0135-4500-1 


"G"  forces  and  accelerations  serve  to  warn  the  pilot  to 
momentarily  focus  his  attention  "inside"  the  cockpit  and 
concentrate  on  controlling  the  aircraft  to  avoid 
out-of-control  flight  conditions.  Thus,  pilots  are 
preconditioned  to  react  to  "G"  forces  and  acceleration  cues 
received  through  their  "feel"  senses.  Since  the  "G"  force 
and  acceleration  cues  received  by  the  "feel"  senses  do  not 
correspond  with  the  visual  scene  represented  in  the  2E6, 
conflicts  may  arise  when  pilots  see  visual  scenes  which 
initiate  anticipatory  signals  from  these  senses.  The 
conflict  between  feel  and  the  visual  scene  may  be  greater  in 
experienced  individuals.  Because  of  the  increased 
conditioning  of  the  "feel"  senses  in  these  individuals,  the 
degree  of  uneasiness  or  "simulator  sickness"  may  increase. 
This  hypothesis  is  further  supported  by  the  fact  that  44 
percent  of  the  aircrews  reported  loops  and  nose  high 
attitudes  as  a  contributing  factor  to  the  onset  of  simulator 
sickness  symptoms.  During  vertical  maneuvers,  the  airspeed 
tends  to  decay  rapidly  which  requires  sensitivity  to  subtle 
"G"  force  and  acceleration  cues  to  recognize  when  to  focus 
one's  attention  inside  the  cockpit.  It  follows  that  absence 
of  these  cues  in  these  situations  might  induce  feelings  of 
anxiety  and  contribute  to  conflicts  between  the  visual  scene 
presentations  and  the  interaction  of  the  internal  "feel" 
senses  of  the  aircrews,  thus,  inducing  simulator  sickness 
symptoms. 

2.  RIO  and  pilot  training  differences  tend  to  make  RIOs 
less  susceptible  and  pilots  more  susceptible  to  simulator 
sickness. 

Another  contributing  factor  to  the  low  number  of 
simulator  sickness  reports  for  the  RIOs  may  be  their  type  of 
training  background.  During  the  undergraduate  portions  of 
the  RIO  training  pipeline,  they  are  tasked  with  conducting 
intercepts  in  the  back  of  a  T-39  aircraft  with  no  access  to 
windows  for  relating  aircraft  maneuvers  to  visual  scenes. 

It  has  been  reported  within  the  community  that  this 
operating  environment  is  very  conducive  to  air  sickness  and 
individuals  are  "washed  out"  of  training  in  this  phase  if 
they  cannot  overcome  the  negative  effects  of  these  symptoms. 
The  remaining  individuals  have  been  conditioned  to  "deny" 
the  conflict  between  the  visual  senses  and  the  sensations 
created  by  "G"  forces  and  accelerations  in  the  performance 
of  their  missions.  This  is  just  the  opposite  of  pilot 
training  which  requires  developing  increased  sensitivity  to 
the  "G"  forces  and  accelerations  to  perform  their  prescribed 
role . 


The  above  discussions  must  remain  hypotheses  since 
there  are  confounding  sources  in  the  data.  For  example,  in 
the  "real  world"  and  in  the  simulator,  a  RIO  must  perform  a 
different  type  of  visual  timesharing  task  than  does  a  pilot. 
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This  also  could  account  for  the  differences  between  RIO  and 
pilot  sickness  rates. 


Aircraft  Type 

The  data  indicates  that  F-4  aviators  got  sick  more 
often  than  F— 1 4  aviators.  Forty-three  percent  of  the  F-4 
pilots  experienced  symptoms  while  only  28  percent  of  the 
F-14  pilots  reported  sickness  symptoms.  This  result  may  be 
related  to  differences  in  aircraft  flight  characteristics  or 
to  varied  training  approaches. 

It  should  also  be  noted  that  many  potentially 
confounding  factors  may  have  influenced  these  preliminary 
findings.  For  example,  F-"1 4  aircrews  had  not  used  the  2E6 
in  over  90  days  at  the  time  of  the  interviews  while  the  F-4 
aircrews  had  utilized  the  2E6  within  30  days  of  the  conduct 
of  the  interviews;  therefore,  memory  decay  could  have 
resulted  in  fewer  reported  cases  of  F-14  aircrew  sickness. 
Also,  other  factors  such  as  age,  which  might  affect  results, 
were  not  analyzed.  Further  analysis  is  required  before  firm 
conclusions  can  be  drawn. 


DIFFERENCES  BETWEEN  THE  2E6  AND  SAAC 

This  preliminary  effort  revealed  that  fewer  individuals 
are  reporting  simulator  sickness  in  the  2E6  than  in  the  Air 
Force  SAAC.  Simulator  sickness  occurred  in  27  percent  of 
2E£  subjects  and  their  symptoms  appeared  less  severe  than 
the  88  percent  sickness  rate  reported  in  the  SAAC  (Coward, 
Kellogg  and  Castore,  in  preparation).  Differences  in 
utilization  of  the  simulators,  fidelity,  degree  ~f 
realism/capability  and  visual  display  hardware  make  it 
impossible  to  precisely  determine  why  these  differences  are 
occurring  at  the  present  time.  However,  a  preliminary 
cross-comparison  of  these  differences  may  provide  some 
insight  into  the  problem. 


Manner  of  Use 

The  subjects  experiencing  simulator  sickness  in  the 
SAAC  were  generally  exposed  to  the  simulator  through  a 
well-defined,  intensive  syllabus  and  experienced  more  hours 
of  training  in  a  more  compressed  period  of  time.  The 
greatest  number  of  2E6  subjects,  nearly  50  percent,  had  five 
or  less  total  hours  of  simulator  time,  taken  in  one  hour 
time  blocks  in  a  five  to  ten  day  period.  In  comparison,  the 
SAAC  subjects  received  12  hours  of  simulator  time  in  a  five 
day  period.  Additionally,  the  SAAC  subjects  experienced 
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their  training  in  a  concentrated,  structured  environment, 
while  the  2E6  subjects  trained  in  a  more  conventional 
setting.  These  differences  in  the  training  programs  might 
account  for  some  of  the  disparity  between  the  2E6  and  SAAC 
in  the  percentages  of  aircrews  reporting  simulator  sickness. 

Only  one  of  the  2E6  aircrew  members  interviewed 
experienced  the  intensity  of  simulator  usage  which  the  SAAC 
aircrews  experienced  (Subject  1 9 ,  Appendix  C). 

Significantly,  he  was  the  only  subject  interviewed  whose 
symptoms  persisted  until  after  a  full  night  of  rest.  He 
also  experienced  the  greatest  variety  of  symptoms  and  the 
most  severe  episodes  of  nausea. 


Fidelity 

Miller  and  Goodson  (I960)  reported  the  low  fidelity  of 
the  visual  display  in  the  2-FH~2,  specifically  the 
distortion  apparent  in  the  visual  scene,  as  a  primary 
contributor  to  the  onset  of  symptoms.  The  2E6  display, 
however,  while  having  a  low  degree  of  structure  in  the  field 
of  view,  has  very  little  distortion.  It  is  felt  that  low 
structure  in  the  field  of  view  does  not  induce  significant 
occurrences  of  symptoms.  However,  low  light  levels,  flicker 
and  a  nondescript  background  may  play  a  limited  role  in 
initiating  simulator  sickness  onset. 


Real ism/ Capability 

The  "ground  growth"  and  "progression"  features  of  the 
SAAC  (not  currently  installed  in  the  2E6)  enhance  the 
realism  by  providing  visual  cues  representing  changing 
altitude  and  velocity.  While  these  features  are  highly 
desirable  for  ACM  training,  they  may  provide  the  trainee 
with  a  greater  degree  of  conflict  between  the  missing 
proprioceptive  cues  and  the  enhanced  visual  motion  cues.  It 
is  possible,  that  if  these  features  were  to  be  incorporated 
in  the  2E6,  some  increase  in  the  incidence  rate  of  simulator 
3icknes3  may  occur. 


Visual  Display  Hardware 

Differences  in  visual  display  hardware  appear  to 
account  for  variations  in  symptoms,  also.  The  2E6  projects 
model  images  onto  a  domed  screen  20  feet  from  the  aircrews. 
Aircrews  observe  indirect  image  displays  reflected  from  the 
dome  screen.  The  SAAC  on  the  other  hand,  surrounds  the 
aircrews  with  large  CRT  displays  located  three  to  four  feet 
away  from  the  aircrews.  SAAC  aircrews  view  direct  light  CRT 
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displays  collimated  at  infinity.  Interestingly,  one-third  of  the 
SAAC  aircrew  members  from  Coward's  study  (in  preparation)  re¬ 
ported  instances  of  involuntary  "flashbacks"  or  "after  images" 
following  SAAC  training  sessions.  But,  out  of  66  2E6  users  inter¬ 
viewed,  no  instances  of  flashbacks  were  reported. 

Numerous  crossing  attacks  referred  to  as  "high-angle  gun¬ 
shots"  were  practiced  on  the  SAAC .  Considering  Young's  (1977) 
studies  at  the  Massachusetts  Institute  of  Technology  on  periph¬ 
eral  viewing,  this  is  an  important  point  to  consider  in  eval¬ 
uating  the  occurrence  of  simulator  sickness  in  the  SAAC. 

The  Advanced  Simulator  for  Pilot  Training  (ASPT)  located  at 
Williams  AFB  uses  the  sane  type  of  visual  display  as  the  Luke  AFB 
SAAC.  During  on-site  discussions  with  ASPT  personnel,  experiences 
of  trainees  in  the  ASPT  were  reported  as  similar  to  those  expe¬ 
rienced  in  the  SAAC.  Although  incidence  rates  for  the  ASPT  were 
not  available,  a  tape  of  one  subject's  experience  in  the  ASPT  was 
reviewed  in  which  he  described  symptom  occurrence,  severity  and 
persistence  nearly  identical  to  those  of  SAAC  trainees. 

Certain  amounts  of  simulator  sickness  may  occur  in  all  sim¬ 
ulators  utilizing  wide-angle  visual  systems.  It  is  felt,  how¬ 
ever,  that  the  training  benefits  which  can  be  derived  from  these 
dynamic  visual  displays  far  outweigh  the  negative  impact  result¬ 
ing  from  the  simulator  sickness  phenomena.  Experimental  labora¬ 
tory  research  efforts  are  continuing  to  try  to  determine  the 
platform  motion  requirements  for  wide-field  visual  display  sim¬ 
ulators  (e.g.,  Young,  1977).  It  may  be  feasible  some  day  to 
correctly  mate  motion/force  platforms  with  visual  display  pre¬ 
sentations  and  mitigate  incidents  of  simulator  sickness.  In  the 
meantime,  applied  research  efforts  which  can  more  thoroughly 
compare  operational  equipment  and  user  differences  might  be 
capable  of  more  accurately  ascertaining  the  internal  body  func¬ 
tions  which  lead  to  the  onset  of  simulator  sickness.  Once  these 
internal  body  functions  have  been  positively  identified,  simu¬ 
lator  design  engineers  may  be  able  to  construct  simulators  which 
will  reduce  or  eliminate  this  problem. 

Since  the  Air  Force  study  on  SAAC  was  completed,  there  has 
been  significantly  less  apprehension  and  simulator  sickness  among 
the  students.  This  is  probably  the  result  of  a  new  briefing  pro¬ 
cedure  that  was  initiated  to  familiarize  them  with  the  problem. 
After  they  were  briefed  on  what  to  f'^ect  in  the  simulator,  the 
students  seemed  to  feel  more  comfoi  Le  and  better  able  to  cope 
with  the  discomfort,  especially  after  being  told  that  others 
were  affected  also  but  that  they  adapted  readily  with  time.  In 
essence,  they  were  told:  "The  symptoms  are  very  transient  and 
you  will  adapt  to  it  (the  simulation)."  (Personal  communication 
with  Mr.  Robert  E.  Coward.) 
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APPEND  1 X  A 
Di.  SCRIPT  I  ON'  OF  2E6 

The  2E6  Air  Combat  Maneuvering  Simulator  (ACMS)  was  in¬ 
stalled  at  the  Naval  Air  Station,  Oceana,  Virginia  and  became 
operational  in  November  1579.  The  device  is  designed  to 
provide  close-in  Air  Combat.  Maneuvering  training.  The  device 
has  two  trainee  stations  pilot:  and  NFO  in  tandem  cockpit 
conf iguration)  located  m:  ide  each  of  two  40-foot  domes  which 
provide  a  360-degree  t  .  el>.  oi  vie  w  (see  Figure  A-l)  .  Inside 
the  domes  are  sky-earth  projectors  that  project  a  blue  sky 
and  green-brown  earth  displays  separated  by  a  white  haze  band. 
The  cockpits  in  the  domes  are  mock-ups  of  the  F-4J  and  F-14A 
and  are  interchangeable.  Each  cockpit  is  fixed-based  with 
spatial  orientation  provided  by  computerized  control  of  the 
sky-earth  projector.  There  is  no  provision  to  simulate  visual 
altitude  cues  or  relative  direction  and  velocity  progression 
over  the  terrain. 

Each  dome  is  also  provided  with  a  missile  projector, 
capable  of  displaying  one  missile  in  flight  at  a  time,  and 
target  projectors  capable  of  displaying  two  aircraft 
simultaneously.  Four  catnode  ray  tube  projectors  in  each 
dome  project  a  maximum  of  two  targets  and  accurately 
simulate  target  altitude  and  range,  from  300  feet  to  25,000 
feet. 

An  Instructor  Operat yr  Station  (IOS)  associated  with 
each  dome  (or  trainee  station)  provides  control  for  that 
station  in  the  independent  mode  or  for  both  stations  in  the 
integrated  mode.  In  the  ^naependent  mode,  all  activity 
occurs  in  a  single  dome;  the  integrated  mode  requires  an 
interaction  of  activity  between  domes.  In  either  mode,  a 
pilot  can  fly  against  a  computerized  bogie,  if  desired. 

In  either  the  independent  or  the  integrated  mod^,the 
Instructor  Pilot  (IP)  can  choose  computer  control  of  a 
programmed  target  (adversary)  or  "choose  to  fly"  the 
adversary  himself  from  a  modified  throttle  and  stick  at  a 
control  station  located  a:  the  IOS  (see  Figure  A-2).  Each 
IOS  and  trainee  station  is  operated  by  an  Independent 
computer  system.  Figure  A-3  provides  a  functional  diagram 
of  the  complete  2E6  ACMS. 

A  normal  training  mission  consists  of  seven  to  ten 
engagements  in  a  30  to  45  minute  period  with  each  engagement 
lasting  two  to  four  minutes.  At  the  beginning  of  each 
mission,  the  IP  selects  aircraft  and  adversary  type,  initial 
conditions  (airspeed,  altitude,  heading),  weapons,  fuel 
loads  and  other  mission  specific  criteria.  The  mission  can 
be  frozen  in  time  and  restarted  from  that  point,  reset  to 
the  initial  conditions,  or  reset  and  new  initial  conditions 
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Figure  A-l.  Air  Combat  Maneuvering  Simulator,  Device  2E6 
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Figure  A-3.  ACMS  Functional  Diagram 
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selected.  During  the  reset  function  all  mission  conditions 
are  reset,  including  spatial  orientation;  the  sky/earth 
display  "snaps"  back  rapidly  to  the  zero  degrees  pitch,  roll 
and  yaw. 

Debrief  of  the  mission  is  available  at  an  independent 
console  and  display  system,  allowing  extensive  review  and 
hard  copy  extraction  of  selected  parameters.  Up  to  15 
minutes  of  replay  also  is  available  within  the  dome.  During 
replay,  all  training  displays  and  conditions  are  replayed 
with  the  exception  of  aircraft  control  movement. 


37/38 


NAVTRAEQUIPCEN  80-C-0135-4500-1 
APPENDIX  B 

SIMULATOR  EFFECTS  QUESTIONNAIRE 


Introduction 


This  questionnaire  is  designed  to  provide  information  pertinent  to  a 
study  of  the  design  and  use  of  visual  full-missicn  simulators  such  as  the 
2E-6  ACMS.  The  focus  of  the  questionnaire  is  on  reported  cases  of  physio¬ 
logical  symptoms  similar  to  motion  sickness  or  other  forms  of  discomfort 
associated  with  simulator  use  in  both  the  Navy  2E-6  and  the  Air  Force  Simu¬ 
lator  for  Air- to -Air  Conbat  (SAAC) . 

The  study  is  funded  by  Naval  Air  Systems  Command  through  the  Naval 
Training  Equipment  Canter.  Permission  to  circulate  the  questionnaire  has 
been  obtained  from  Cotimander  Fighter  Wing  ONE.  All  information  provided  is 
confidential  to  this  study. 

The  questionnaire  items  are  directed  at  four  categories: 

General  background  information . 

Discussion  of  any  discomfort  or  symptoms  associated 
during  use  of  the  2E-6. 

Discussion  of  any  discomfort  or  symptoms  which  may 
occur  after  2E-6  use. 

General  questions  related  to  the  application  of  the 
2E-6  in  ACM  training. 

The  questionnaire  will  take  approximately  30  minutes.  We  are  very 
interested  in  your  opinions.  Very  little  information  exists  relative  to 
the  physiological  effects  of  high  technology  simulator  usage.  Please  be  as 
specific  as  you  can  and  feel  free  to  add  any  cements  you  ntLgJit  have  about 
the  questionnaire  or  the  general  topic. 
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GENERAL  BACKGROUND  INFORMATION 


1.  How  many  total  flying  hours  have  you  accumulated?  _ 

What  aircraft  types  are  you  now  current  in?  _ 

How  many  hours  do  you  have  in  each?  _ 

Are  you  an  Aviator  or  Naval  Flight  Officer?  _ 

2.  Hew  much  experience  have  you  gained  in  the  2E-6? _ 

What  was  the  average  length  of  each  period?  _ _ _ _  _ 

3 .  Was  your  first  exposure  to  the  2E-6  a  result  of  a  structured  trairtu  ~ 

program  or  personal  interest?  _ 

What  was  the  type  of  program  and  the  amount  of  2E-6  use?  _ _ 


4.  Have  you  had  experience  in  visual  simulators  other  than  the  2E-6? 

Which  simulators?  ___ _ _ 

How  much  time  in  each?  _ _ _ _ 

For  what  purpose?  _ 


Did  you  experience  any  discomfort  or  symptoms  of  motion  sickness  in  any 

of  these  trainers?  _ 

Please  describe  the  symptoms  you  experienced  in  each  trainer?  _ 


Did  you  experience  any  other  physiological  effects  such  as  profuse 
sweating  vdiile  in  these  trainers?  _ 
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F! 


EFFECTS  WHICH  OCCURRED  DURING  2E-6  USE 


1 

4 


Using  a  flight  simulator  such  as  the  2E-6  presents  aircrews  with  very 
distinctive  visual  cues.  The  lack  of  motion  and  the  high  fidelity  of  the 
synthetic  visual  display  provided  by  the  2E-6  have  been  noted  as  being  a 
possible  source  of  discomfort  reported  by  aircrews,  or  what  the  Air  Force 
has  termed  "Simulator  Sickness".  The  impact  of  the  synthetic  visual  cueing 
is  of  great  interest.  The  following  questions  seek  to  examine  your  opinions 
of  visual  simulator  use  of  the  2E-6. 

5.  Did  you  experience  an  adequate  introduction  to  the  2E-6  as  a  part  of 

your  first  mission?  _ 

Hew  long  were  you  in  the  dome  on  your  first  mission?  _ _ _ _ 

Did  you  break  your  first  training  session  into  1  or  more  training  periods 
in  the  done?  _ _ _ _ 

6.  Did  you  experience  symptoms  of  motion  sickness  or  discomfort  that  you 

attributed  to  training  in  the  dome  on  your  first  mission?  _ _ 


Hew  long  were  you  in  the  dome  when  your  symptoms  occurred?  _ 

What  symptoms  did  you  experience?  _ _ 

Nausea?  _  _ _ 

Doziness? _ 

Leans?  _ 

Feeling  of  being  disoriented?  _ 

Vertigo?  _ _ _ _ _ _ _ 

Headache ?  _ _ 

Visual  problems  such  as  focusing?  _ _ 

7.  Have  you  experienced  discomfort  or  symptoms  of  motion  sickness  during 

successive  missions?  _ 

What  were  the  symptoms?  _ 


Specifically,  did  you  experience  any  nausea  while  in  the  2E-6? 

Do  you  now  experience  these  symptoms  when  in  the  dome?  _ 

If  not,  after  how  many  mis sion/hours  did  the  symptoms  subside? 
In  what  order  did  the  symptoms  subside?  _ 
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8.  If  you  experience  synptoms  of  discomfort  or  motion  sickness  in  the 
trainer,  can  you  identify  a  specific  maneuver  or  simulator  function 
that  usually  initiates  symptom  onset?  _ _ 

Did  the  aircrew  member  you  were  training  with  get  sick  on  the  same 
mission  that  you  did? _ _ 

Was  the  2E6  fully  operational  or  were  there  any  known  discrepancies 
on  the  flights  in  which  you  experienced  your  discomfort  or  symptoms? 


On  missions  which  you  experienced  symptoms  or  discomfort,  were  you 
flying  against  the  computer  or  another  aircrew?  _ 

9.  While  training  in  the  2E6,  are  there  any  particular  distractions  which 
interfere  with  your  concentration  on  the  tasks  required  to  perform  ACM? 


10 .  When  in  the  2E6 ,  how  much  do  you  perspire  as  compared  to  an  actual  ACM 
training  flight? 
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EFFECTS  THAT  OCCUR  AFTER  USING  THE  2E-6 


The  following  questions  are  pertinent  to  effects  that  occur  after 
missions  in  the  2E-6. 

11.  Generally,  how  do  you  feel  after  completing  a  2E-6  mission  as  cotrpared 
to  an  ACM  training  flight? 

More  Fatigued  Same  Less  Fatigued 

Physically 

Mentally 

12.  After  using  the  2E-6,  have  you  ever  experienced  any  discomfort,  visual 

after  effects  or  other  symptoms?  _ 

What  were  your  synptoms?  _ 


What  aspects  of  your  simulator  experience  do  you  think  caused  the 
synptoms?  _ 


13.  After  using  the  2E-6,  have  you  experienced  any  difficulty  in  reading  of 

other  CRT  displays  or  any  other  type  of  displays?  _ 

Reading  books?  _ _ _ _ 

Watching  T.V.? 

Focusing  difficulty?  _ _ 

Headaches?  _ _ 

Dizziness?  _ _ 

Leans? 

14.  If  you  experienced  visual  after  effects  (i.e. ,  replay  of  visual  sequences, 
flashbacks)  that  you  associated  with  2E-6  training,  how  long  after  the 

training  session  did  they  occur?  _ 

What  activity  were  you  engaged  in  at  occurrence?  _ _ 

Please  describe  in  detail  the  characteristics  of  the  visual  after  effects. 
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Have  you  ever  experienced  flashbacks  of  any  sort  associated  with  any 

other  activities  r  training?  _ 

Have  the  effects  noted  above  subsided?  _ _ 

Hew  long  after  your  last  training  session  did  they  subside?  _ 
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GENERAL  QUESTIONS  RELATED  TO  2E-6  TRAINING 


The  items  below  are  of  a  general  nature,  but  are  important  for  an 
understanding  of  how  simulator  characteristics  affect  aircrews.  The  answers 
could  inpact  the  future  design  and  implementation  of  simulators  such  as  the 
2E-6. 

15.  Can  you  identify  any  deviation  from  your  normal  ACM  cockpit  scan  when 
training  in  the  2E-6?  _ 


16.  When  attempting  to  achieve  a  high  G  turn  do  you  have  the  sensation  of 

really  pulling  G?  _ If  so,  what  articles  of  flight  gear 

were  you  wearing  at  the  time? _ 

If  not,  have  you  flown  in  the  2E-6  with  your  normal  flight  gear  on?  __  __ 

17 .  While  training  in  the  2E-6 ,  do  you  perceive  differences  in  your  ability 

to  focus  when  transferring  from  outside  the  cockpit  to  inside  as  com¬ 
pared  to  inflight  ACM  training?  _ _ 

Can  you  cite  exanples?  ___ _ 


18.  Prior  to  your  experience  in  a  visual  mission  simulator,  what  was  your 
opinion  of  training  ACM  in  a  simulator?  _ 


What  is  your  opinion  new? 


Do  you  see  any  difficulty  in  flying  after  a  simulator  mission? 
If  so,  why?  _ 


Provision  of  your  name,  organisation  and  phone  muter  on  the  question¬ 
naire  is  voluntary  and  would  only  be  used  if  information  you  provide  on  the 
questionnaire  indicates  further  research  is  desired. 

Name  _  Organization  _ _ 

Phone 
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APPEX 

SIMULATOR  SICKNESS  SYMF 


2£6  flight  Prior  Visual 

S  Designator  A/C  Type  £»perlence  Hours  E»perlence  Nausea  Dirtiness  Headache  leans  I 


1 

Aviator 

F-*J 

4  hrs. 

3200 

No 

Yes 

Yes 

Yes 

2 

Aviator 

F-4J 

6  hrs. 

760 

■imi 

Yes 

Yes 

3 

HfO 

F-4J 

3  hrs. 

1000 

NO 

Slight 

Yes 

« 

NFO 

F-4J 

8- 10  hrs. 

2200 

NO 

■ 

E 

Aviator 

F-4J 

4  hrs. 

2000 

No 

B 

NFO 

F-4J 

3  hrs. 

'.800 

No 

B 

Aviator (1) 

F-4J 

6  hrs. 

2S00 

■KXSEH 

• 

Aviator 

F-4J 

4  hrs. 

2200 

No 

S 

Aviator 

F-4J 

4  hrs. 

6  SO 

HKSEmSHHI 

Slight 

Aviator 

F-4J 

18  hrs. 

800 

Yes 

Yes 

D 

Aviator 

F-4J 

IS  hrs. 

1600 

■#.»■■■«  «TCT— 

Yes 

Yes 

Severe 

B 

Aviator 

F-4J 

2S-30  hrs. 

1000 

■K9«| 

IwTRHI 

Slight 

Yes 

Severe 

Yes 

B 

NFO 

F- 14 

4  hrs . 

S20 

No 

Momentary 

B 

Aviator 

f-  14 

8  hrs. 

4  HO 

IHHflH  S3 

Yes 

B 

Aviator 

f-  14 

4  hrs. 

2  BOO 

flo 

Slight 

— 

□ 

Aviator 

F- 14 

4  hrs. 

1300 

No 

Slight 

B 

Aviator 

F- 14 

2  hrs. 

2400 

■KJgjrTKBMI 

Yes 

Yes 

□ 

Aviator 

F- 14 

20  hrs. 

3S00 

B 

Aviator 

F-4S/J 

20  hrs. 

3400 

No 

Yes 

Yes 

Yes 

Yes 

_ 

(l)  Visual  Replays  experienced  in  SAAC  training  did  not  occur  in  the  2E6  (in format i:n  *Inc 

on  the  chart  is  relevant  to  SAAC  experience).  Subject  7  did  not  experience  any  otl 

sickness  on  Device  226. 
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APPENDIX  C 


ESS  SYMPTOM  OCCURRENCE 


Vertigo 


Visual 

Focusing 

Problems 


Discomfort 


Disorienting 

Feelings 


Simula  tor  malfunction 


Operate  Initiate 


Persistence 


(  hrs.  after 
malfunction 


Eacn  mission,  IS  mins. 


First  reset 


2-3  hrs.  after 


Ceased  1  day  after  /,  \ 
end  of  training  ' x  ; 


Operate  Initiate 


4S  mins.  In  trainer 


30  mins,  in  trainer 


Reset  function 


3-4  nrs.  af  tereach 
mission 


orrau  s 
ce  ar.y 


*In  iicates  the  same  symptoms  as  described  in 
other  visual  training  experiences. 
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Emesis 

Flashbacks 

Ground  growth 

Ground  progression 

Independent  mode 
Integrated  mode 

Kinesthetic 

Leans 

Motor  dyskinesia 
Ocular 

Proprioceptive 

Reset  function 

Vertigo 

Vestibular 


GLOSSARY 

Vomiting. 

Retinal  after-images  which  occur  following 
exposure  to  simulator  visual  scenes. 

The  expansion  or  contraction  of  the  back¬ 
ground  visual  scenes  to  simulate  descents 
or  ascents  in  altitude. 

The  movement  of  the  background  visual 
scenes  in  relation  to  the  observer  to 
simulate  movement  over  the  ground. 

Permits  the  Instructor  Operator  Station 
(IOS)  to  control  only  one  cockpit  trainer. 

Permits  the  selected  Instructor  Operator 
Station  (IOS)  to  control  both  cockpit 
trainers  interactively. 

Literally  "feeling  of  motion";  refers  to 
the  sensitivity  of  movements  of  parts  of 
the  body  (e.g.,  arms,  legs,  tongue  and 
eyeballs)  in  relation  to  the  whole  due  to 
the  excitation  of  receptor  cells  located  in 
the  musrles,  tendons  and  joints  of  the 
body. 

A  false  sensation  of  bank  or  tilt. 

Impairment  of  an  individual's  power  of 
voluntary  locomotion. 

Of  or  pertaining  to  the  eye. 

The  sense  of  position,  movement,  pressure 
and  equilibrium.  It  is  divided  into  two 
major  subclasses:  Kinesthetic  and 
Vestibular. 

The  freezing  of  the  simulator  visual  dis¬ 
play  and  returning  to  a  new  set  of  initial 
conditions. 

False  sensation  of  bodily  position  and/or 
movement. 

Involves  the  perception  of  spatial  move¬ 
ments  and  spatial  orientation  of  the  body 
as  a  whole,  resulting  from  excitation  of 
receptor  cells  located  in  the  nonauditory 
labyrinth  of  the  ear. 
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